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ABSTRACT
Aiming at testing the validity of our magnesium atomic model and investigating the effects of non-local
thermodynamical equilibrium (NLTE) on the formation of the H-band neutral magnesium lines, we derive the
differential Mg abundances from selected transitions for 13 stars either adopting or relaxing the assumption
of local thermodynamical equilibrium (LTE). Our analysis is based on high-resolution and high signal-to-
noise ratio H-band spectra from the Apache Point Observatory Galactic Evolution Experiment (APOGEE) and
optical spectra from several instruments. The absolute differences between the Mg abundances derived from
the two wavelength bands are always less than 0.1 dex in the NLTE analysis, while they are slightly larger for
the LTE case. This suggests that our Mg atomic model is appropriate for investigating the NLTE formation
of the H-band Mg lines. The NLTE corrections for the Mg I H-band lines are sensitive to the surface gravity,
becoming larger for smaller log g values, and strong lines are more susceptible to departures from LTE. For
cool giants, NLTE corrections tend to be negative, and for the strong line at 15765 A˚ they reach −0.14 dex in
our sample, and up to −0.22 dex for other APOGEE stars. Our results suggest that it is important to include
NLTE corrections in determining Mg abundances from the H-band Mg I transitions, especially when strong
lines are used.
Subject headings: stars: abundances — stars: NLTE — lines: formation — lines: profiles
1. INTRODUCTION
Magnesium is a key element in the universe, and plays a
significant part in various astrophysical applications. As a
typical α-element, magnesium is mostly produced by Type
II supernovae (Woosley & Weaver 1995). Thus, it is a good
tracer to study α-process nucleosynthesis. Unlike Fe, prone to
be affected by Type-Ia SNae nucleosynthesis, magnesium is a
reliable reference element for the early evolution of the Milky
Way (Zhao et al. 1998). Shigeyama & Tsujimoto (1998) and
Andrievsky et al. (2010) recommended Mg instead of iron
as a reference element to investigate the evolution of differ-
ent abundance ratios, while Si and Ca are more easily influ-
enced by mixing and fallback episodes and possible contri-
butions. Fuhrmann (1998, 2004) applied [Mg/Fe] as a refer-
ence to explore thick- and thin-disk stars, and found there is
a distinct behavior between the two populations. Next to Fe,
Mg is an important donor of free electrons in relatively cool
turnoff stellar atmospheres, and contributes significant ultra-
violet (UV) opacity (Kurucz 1979; Mashonkina 2013). Fur-
thermore, it is one of the best observed elements, inasmuch
as several strong Mg lines are easily observed in visible and
infrared regions in A to late-type stars.
In the last decades, many studies have determined LTE
Mg abundances and have used this element as a tracer to
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probe the chemical evolution history of our Galaxy, e.g.
Lambert & Luck (1978), Tomkin et al. (1985), Chen et al.
(2000), Reddy et al. (2006), Bensby et al. (2014). However,
it is known that Mg abundances may be impacted by NLTE
effects. At the end of 1960s, Athay & Canfield (1969) first
included NLTE effects in the analysis of Mg I b lines in the
Sun based on a small atomic model. Many subsequent studies
have focused on investigating the NLTE effects on Mg I line
formation, e.g. Lemke & Holweger (1987); Mauas (1988);
Gigas (1988); Chang et al. (1991); Carlsson et al. (1992).
Zhao et al. (1998) and Zhao & Gehren (2000) carefully inves-
tigated NLTE effects for Mg I lines in the Sun and ten cool
stars, and found the abundance corrections in the Sun to be
negligible, while they can reach ∼ 0.1 dex in metal-deficient
stars. They found that the corrections increase with decreas-
ing metallicity, which was confirmed by Gehren et al. (2006).
The latter authors derived NLTE abundances of Na, Mg and
Al for a sample of 55 nearby metal-poor stars, and concluded
that the ratio of [Al/Mg] is a promising discriminant between
thick-disk and halo stellar populations. For extremely metal-
poor stars, Andrievsky et al. (2010) studied the NLTE line for-
mation for Mg, and they argued that NLTE effects could, at
least partly, explain the unexpected scatter of [X/Mg] found
by Cayrel et al. (2004) and Bonifacio et al. (2009), and the
different behaviors between dwarfs and giants described in
Bonifacio et al. (2009).
Recently, Mashonkina (2013) improved the Mg atomic
model by introducing the newly calculated inelastic collisions
with neutral hydrogen from Barklem et al. (2012), which
were based on quantum mechanical computations, and ver-
ified that the updated atomic data can improve the determi-
2nations of Mg abundances for late-type stars. Her results
were confirmed by Osorio et al. (2015), who produced a novel
model atom of Mg and tested its validity for spectral line for-
mation in late-type stars. They predicted that NLTE effects for
solar type and metal-poor dwarfs are even smaller than those
found in previous studies. However, NLTE corrections can
reach up to 0.4 dex for giants. Bergemann et al. (2015) car-
ried out a NLTE analysis of near-infrared J-band Mg I lines
for red supergiants.Their results show that NLTE corrections
are substantial in the atmospheres of red supergiants, and vary
smoothly between −0.4 dex and−0.1 dex as a function of the
effective temperature.
The APOGEE survey2, part of the Sloan Digital Sky Sur-
vey III (SDSS-III)3 (Eisenstein et al. 2011), has observed
∼150,000 predominantly red giants stars covering the full
range of Galactic bulge, bar, disk and halo (Majewski et al
2015) since 2011, and APOGEE-2, an on-going extension
of the project in SDSS-IV will significantly enlarge this data
base. APOGEE infrared H-band spectra have already been
publicly released as part of the SDSS Data Release 10 (DR10)
(Ahn et al. 2014) and Data Release 12 (DR12) (Alam et al.
2015). These observations provide a promising way to trace
and to explore the formation history of the Milky Way.
The APOGEE Stellar Parameters and Chemical Abun-
dances Pipeline (ASPCAP) (Garcı´a Pe´rez et al. 2016) is de-
signed to derive the stellar parameters (effective temperature,
surface gravity, metallicity), and chemical abundances of 15
different elements. As pointed out by Me´sza´ros et al. (2013),
NLTE effects may have an impact on the APOGEE derived
stellar parameters and chemical abundances due to low den-
sities present in the atmospheres of giants. Thus, as an ex-
tension of our previous work (hereinafter, Paper I), which is
confined to H-band Si lines, this paper focuses on NLTE line
formation of Mg I H-band transitions for the 13 sample stars
from Paper I. The main purpose of this work is to validate
the applied Mg atomic model, and to investigate the influ-
ence of departures from LTE. This will help us to improve the
accuracy of stellar parameters determined by the APOGEE
pipeline and help to explore the chemical enrichment history
of the Galaxy based on large samples of APOGEE H-band
spectra.
This paper is organized as follows. In Section 2, we intro-
duce the Mg model atom and the NLTE calculations. The
data and the determination of stellar parameters for our sam-
ple stars are briefly described in Section 3. Section 4 derives
the Mg abundances from both H-band and optical lines for
our sample stars under LTE and NLTE analyses, respectively,
and compares derived Mg abundances from the two bands,
discussing the implications. In the last section, we summarize
our results.
2. METHOD OF NLTE CALCULATIONS
2.1. Model Atom of Magnesium
We utilized the updated model atom for Mg from
Mashonkina (2013), which was based on the model pro-
duced by Zhao et al. (1998) and Zhao & Gehren (2000). This
comprehensive model atom contains the first three ionization
stages of Mg, including 85 terms of Mg I, two levels of Mg II
and the ground state of Mg III. Here, we briefly introduce the
atomic data. For electron impact excitation, the collisional
2 http://www.sdss.org/surveys/apogee
3 http://www.sdss3.org
rates were taken from Mauas (1988) when available, while
from Zhao et al. (1998) for the rest of the transitions. Ion-
ization cross-sections were computed from the formula by
Seaton (1962). For hydrogen-impact excitation and charge
transfer, the rate coefficients of the transitions between the
seven lowest levels of Mg and the ionic state (Mg + H and
Mg+ + H−) were adopted from Barklem et al. (2012) (see
Mashonkina 2013, for details).
2.2. Model Atmospheres
In this study, we adopted the widely-used grid of MARCS
atmosphere models4 (Gustafsson et al. 2008). These LTE
models are divided in two groups: models with 3.0 ≤ log
g≤ 5.5 were computed with a plane-parallel geometry, while
those with relatively low surface gravities (-1.0 ≤ log g ≤
3.5) were calculated in spherical geometry. As in Paper I,
according to the suggestions by Gustafsson et al. (2008) and
Heiter & Eriksson (2006), spherical models were adopted for
stars with log g ≤ 3.5 and plane-parallel model atmospheres
for the rest. The final models were derived by interpolat-
ing with a FORTRAN routine coded by Thomas Masseron5.
MARCS model atmospheres (Gustafsson et al. 2008) adopt a
solar chemical composition from Grevesse et al. (2007). An
α-enhancement is considered, and the mixing-length param-
eter is set to l/HP=1.5.
2.3. Statistical Equilibrium Codes
As in Paper I, we adopted a revised version of the DETAIL
code (Butler & Giddings 1985) to solve the coupled statisti-
cal equilibrium and the radiative transfer equations. This sta-
tistical equilibrium code is based on the accelerated lambda
iteration algorithm described by Rybicki & Hummer (1991,
1992), which has been widely applied in previous studies,
e.g. Gehren et al. (2004), Shi et al. (2008), Mashonkina et al.
(2011); Mashonkina (2013), Bergemann et al. (2012) and
Sitnova et al. (2015), etc. We calculated the departure coeffi-
cients using DETAIL, and then input these coefficients to SIU
(Reetz 1991) to calculate the synthetic NLTE line profiles.
3. THE SAMPLE STARS AND STELLAR PARAMETERS
3.1. Sample Selection
We selected 13 stars with both IR H-band and optical high-
resolution and high S/N spectra available as sample stars.
The H-band spectra are mainly from APOGEE DR12 except
those for the Sun and Arcturus, which will be described be-
low. These APOGEE data were acquired with the NMSU
(new Mexico State University) 1m telescope coupled to the
APOGEE instrument: a bundle of ten fibers connects the
APOGEE spectrograph and the NMSU 1m telescope. In each
observation, one fiber is assigned to the science target while
the rest are used as sky fibers. (See Feuillet et al. (2016) for
more details.) The wavelength range of APOGEE spectra
spans from 15100 to 16900 A˚, and the resolving power is ∼
22,500. A high-resolution and high S/N H-band spectrum of
the Sun was taken with the McMath-Pierce solar telescope on
Kitt Peak (Wallace et al. 1996), and corresponds to the disk
center region (µ = 1). A high quality IR spectrum of Arcturus
was obtained from the NOAO data archives6 (see Hinkle et al.
4 http://marcs.astro.uu.se
5 http://marcs.astro.uu.se/software.php
6 http://ast.noao.edu/data/
3(1995) for more observational information). The resolving
power is around 300,000 and 100,000, respectively, for the
Sun and Arcturus. The high-resolution optical spectra of the
13 sample stars are from several different telescopes, and their
characteristics have been described in detail in Paper I.
3.2. Stellar parameters
We determined the stellar parameters Teff, log g, [Fe/H] andξt using a spectroscopic approach from the analysis of Fe I
and Fe II lines. The final parameters satisfy the Fe I excitation
equilibrium (Teff), the ionization equilibrium between Fe I and
Fe II (log g), and [Fe/H] does not depend on equivalent width
(ξt). NLTE effects on Fe I lines have been considered as in
Sitnova et al. (2015). We estimated the typical uncertainties
of Teff, log g, [Fe/H], and ξt as ±80 K, ±0.1 dex, ±0.08 dex,
and 0.2 km s−1, respectively. The determination of the stellar
parameters and the comparison with previous work have been
discussed in Paper I.
4. NLTE CALCULATIONS FOR SAMPLE STARS
4.1. Line Data
4.1.1. Infrared Atomic Line Data in the H-band
Magnesium abundances were derived from eight H-band
Mg I lines, and the characteristics of these transitions are
listed in Table 1. The damping constants, log C6, are
adopted from Mele´ndez et al. (1999), which were calcu-
lated according to the ABO theory (Anstee & O’Mara 1995;
Barklem & O’Mara 1997). The rest of the line data were
adopted from the NIST atomic spectra database7. The values
of oscillator strengths, log g f , were rescaled with respect to
the solar NLTE results (adopting log ε⊙(Mg) = 7.53 dex mea-
sured from meteorites according to Grevesse et al. (2007) as
the absolute solar Mg abundance). Among these eight lines,
two transitions at 15748.886 and 15748.988 A˚, three transi-
tions at 15765.645, 15765.747, and 15765.842A˚, and tran-
sitions at 15886.183 and 15886.261 A˚ are severally blended,
and they cannot be resolved at the resolution that the
APOGEE instrument provides. However, it is worthwhile
noting that each of the three blended lines is due to transi-
tions between the same lower (or higher) energy level and fine
structure splitting of the higher (or lower) level, we therefore
fit all lines in a blended feature together via spectrum syn-
thesis in a small wavelength interval. As a result, only four
values for the Mg abundances from the eight lines are actu-
ally derived for each star from the infrared spectra.
4.1.2. Optical Atomic Line Data
There are six optical Mg I lines included in our analysis,
and their main characteristics are presented in Table 1. Sim-
ilar to the H-band lines, the oscillator strengths have been
scaled in order to have the NLTE computed profiles match-
ing the observations with log ε⊙(Mg) = 7.53 dex. We cal-
culated the van der Waals damping constants for the 4571,
5172 and 5183 A˚ lines according to Table 1 of Mashonkina
(2013), who presented van der Waals broadening constants
Γ6 based on the ABO theory. Following her suggestion, we
reduced Γ6 by 0.3 and 0.2 dex for the Mg I 4703 and 5528 A˚
lines, respectively. For the 5711 A˚ line, the C6 value was de-
termined by fitting the wings of the lines in the solar spectrum
(Gehren et al. 2004). Actually these three optical Mg I lines’
7 http://www.nist.gov/pml/data/asd.cfm
TABLE 1
ATOMIC DATA OF THE OPTICAL AND H-BAND MAGNESIUM
LINES
λ (A˚) Transitiona χ (eV) log g f log C6
4571.096 3s2 1S0−3p 3Po1 0.000 −5.49 −31.799b
4702.991 3p 1Po1−5d 1D2 4.346 −0.36 −29.849b
5172.684 3p 3Po1−4s 3S1 2.712 −0.44 −30.549b
5183.604 3p 3Po2−4s 3S1 2.717 −0.21 −30.549b
5528.405 3p 1Po1−4d 1D2 4.346 −0.40 −30.324b
5711.088 3p 1Po1−5s 1S0 4.346 −1.70 −29.890c
15740.716 4p 3Po0−4d 3D1 5.932 −0.36 −29.658d
15748.886 4p 3Po1−4d 3D1 5.932 −0.54 −29.658d
15748.988 4p 3Po1−4d 3D2 5.932 0.02 −29.658d
15765.645 4p 3Po2−4d 3D1 5.933 −1.54 −29.658d
15765.747 4p 3Po2−4d 3D2 5.933 −0.55 −29.658d
15765.842 4p 3Po2−4d 3D3 5.933 0.30 −29.658d
15886.183 3d 3D2−5p 3Po1 5.946 −1.71 −29.569d
15886.261 3d 3D1−5p 3Po1 5.946 −2.07 −29.569d
a Transition information is from NIST Atomic Spectra Database.
b Mashonkina (2013)
c The damping constant was determined by fitting the line wings of the
solar spectrum.
d Mele´ndez et al. (1999)
C6 values (4703, 5528, 5711) were determined by fitting the
solar spectrum, because the values from the ABO theory en-
hance the abundance discrepancy among the different solar
Mg lines.
4.2. NLTE Effects
4.2.1. Departures form LTE for Mg I H-band lines
We present the departure coefficients (bi) for the relevant
Mg I levels, including Mg II ground state, as a function of the
optical depth at 5000 A˚ (τ5000) for a model atmosphere for
HD 58367 in Figure 1. The departure coefficient is defined
as bi = nNLTEi /nLTEi , while nNLTEi and nLTEi , respectively, indi-
cate NLTE and LTE atomic level number densities. We noted
that the populations of the two relative low levels 4p 3Po and
3d 3D slightly deviate from their LTE values at optical depths
near unity. This reduction in the level population is the result
of the large photoionization rate which is known to dominate
the near-UV spectra of cool stars. The other two higher exci-
tation levels (4d 3D, 5P 3Po), are underpopulated due to pho-
ton loss at optical depths around−2 (see Figure 1 for details).
The Mg abundances were estimated through spectrum syn-
thesis, and the NLTE effects can be assessed by comparing
NLTE and LTE results (∆ = logεNLTE − logεLTE). For each
star, spectral synthesis calculations were required to fit the ob-
served line profiles by changing the elemental abundance in
the NLTE and LTE cases, respectively. The Mg abundances
relative to iron for our four-group H-band lines are presented
in Table 2. The adopted solar stellar parameters are Teff =
5777 K, [Fe/H] = 0.0 dex, log g = 4.44 dex. ξt = 0.9 km s−1.
The H-band solar Mg I line profiles are computed for µ = 1,
and the comparison of the best-fit NLTE synthetic profiles
(solid line) and LTE (dotted line) with the observed solar ones
(open circles) for the four Mg I lines is illustrated in Figure 2.
We noted that the synthesized line profiles are slightly broad
in the central part compared to the observed ones for strong
lines, especially for lines at 15748 A˚ and 15765 A˚, as appar-
ent in Figure 2, while the weak line at 15886 A˚ is reproduced
much better. The systematic deviations between model and
4observed line profiles for the transitions 15748 and 15765 A˚
are apparent both in LTE and NLTE, since NLTE corrections
are very small. In addition, the observations for these lines ex-
hibit significant asymmetries between the blue and red wings.
We have tested the influence of micro-turbulence and scat-
tering and they have only a minor impact on the computed
profiles. These strong lines are sampling a very large range in
optical depth, and the noted discrepancies are likely reflecting
modeling shortcomings such as atmospheric inhomogeneities
in temperature and velocity, or systematic errors in the line
formation associated to them. This also possibly results from
an imperfectness of line broadening theory. As mentioned
above, the NLTE corrections for the four solar H-band lines
are very small, within 0.01 dex. Figure 3 shows the syn-
thetic flux profiles under LTE (dotted curve) and NLTE (solid
curve) assumptions with the same Mg abundance for the line
at 15748 A˚ in the spectrum of HD 58367, and the difference
is obvious.
As shown in Table 2, the NLTE effects differ from line to
line. Among our four-group H-band lines, the three strong
Mg I lines at 15740, 15748 and 15765 A˚ present relatively
strong NLTE effects, while the weak one at 15886 A˚ shows
smaller effects. We plotted the difference of the [Mg/Fe] ra-
tios under NLTE and LTE assumptions for the strong mag-
nesium line at 15765 A˚ as a function of metallicity, effective
temperature, and surface gravity in Figure 4. It is clear that the
NLTE effects depend mainly on surface gravity, similar to our
findings for Si (Paper I), namely the corrections increase with
decreasing surface gravity, reaching 0.14 dex for HD 58367.
The stellar parameters of this object are Teff = 4932 K, [Fe/H]
=−0.18 dex and log g = 1.79 dex.
It is also interesting to check how large the NLTE correc-
tions can get in the extreme cases for APOGEE. We calcu-
lated the NLTE line profile for the Mg I line at 15765 A˚ for
a giant with Teff = 5000 K, [Fe/H]=0.0 dex, log g = 0.5 dex,
[Mg/Fe]=0.0 dex (see open circle curve in Figure 5). The LTE
profile computed with the corresponding NLTE abundance is
presented with a dashed curve for comparison. When [Mg/Fe]
under LTE and NLTE share the same value of 0.0 dex, the two
profiles are quite different from each other, and the line core
in the LTE calculations becomes deeper for increasing values
of [Mg/Fe]. The calculated LTE profile obviously deviates
from the NLTE one until [Mg/Fe] is increased by 0.22 dex.
This indicates that, in this extreme case, the NLTE abundance
correction could reach ∼−0.22 dex.
The mean Mg abundances based on the H-band spectra un-
der NLTE and LTE cases, respectively, are listed in Table 3,
along with statistical uncertainties and the mean NLTE cor-
rections. We noted that the value and sign of the NLTE Mg
abundance correction are determined by a relative contribu-
tion of the core and the wings to the overall line strength. It
can be seen that the NLTE corrections range from −0.11 to
0.03 dex.
We derived the Mg abundance of Arcturus for both the
spectrum from Hinkle et al. (1995) (R ∼ 100,000) and from
the 1m+ APOGEE (R ∼ 22,500), and the best NLTE fitting
line profiles are compared with observations in Figure 6. In
this figure, the left panel is for the spectrum of Arcturus from
Hinkle et al. (1995) and the right panel for the 1m+APOGEE
spectrum. We also listed the determined Mg abundance in Ta-
ble 2 (values for individual lines) and Table 3 (mean values).
A consistent mean Mg abundance is derived from these two
spectra with a negligible difference of 0.03 dex.
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FIG. 1.— Departure coefficients bi =NNLTEi /NLTEi as a function of the stan-
dard optical depth for HD 58367. 4p 3Po (the red solid line) and 3d 3D (the
dashed line) couple with each other.
4.2.2. Departures form LTE for the Mg I Optical lines
We used six Mg I optical lines, which are described in Sub-
section 4.1.2, to derive the Mg abundance, and to investigate
the NLTE effects for lines in this wavelength band. The mean
Mg abundances from the optical spectra under both LTE and
NLTE assumptions are separately given in Table 3. The stan-
dard deviation is small, less than 0.07 dex under NLTE. The
[Mg/Fe] ratios for individual lines are also presented in Ta-
ble 4.
4.2.3. Comparisons with the Optical Results and Discussions
We present the average Mg abundances based on the IR and
optical spectra under the LTE and NLTE assumptions, respec-
tively, as well as the stellar parameters adopted for our sam-
ple stars in Table 3. In Figure 7, the differences of the mean
Mg abundances between H-band and optical lines are plotted
against the metallicity for our target stars, where the open cir-
cles represent the LTE abundances, while filled circles stand
for NLTE results. It can be clearly seen a better consistent
result can be derived when the NLTE effects considered, al-
though the differences are small (∼ 0.1 dex) both in LTE and
NLTE.
5. CONCLUSIONS
We verified the reliability of our Mg atomic model for the
H-band line formation based on the high quality H-band spec-
tra, and investigated NLTE effects on Mg I H-band lines for
13 FGK sample stars. A detailed analysis based on a line-to-
line differential analysis relative to the Sun both under LTE
and NLTE allows us to obtain accurate Mg abundances. Our
conclusions can be summarized as follows.
• The mean Mg abundance differences between the H-
band and optical lines are within 0.05 dex for all our
sample stars when NLTE effects are included, which
suggests that our Mg atomic model can be applied to
study the formation of H-band Mg I lines.
• It is shown that the NLTE effects tend to be large for
strong Mg I lines at 15740, 15748 and 15765 A˚, and
smaller for the relatively weak line at 15886 A˚. The
NLTE correction is as large as ∼ −0.14 dex for the
strong Mg I line in our sample stars, and for the extreme
case in APOGEE it reaches up to ∼ −0.22 dex. Thus,
5TABLE 2
MAGNESIUM ABUNDANCES RELATIVE TO IRON UNDER LTE AND NLTE ANALYSIS
15740(A˚) 15748(A˚) 15765 (A˚) 15886 (A˚)
Star LTE NLTE LTE NLTE LTE NLTE LTE NLTE
Arcturusa 0.39 0.35 0.38 0.32 0.38 0.32 0.37 0.39
Arcturusb 0.40 0.35 0.37 0.31 0.38 0.32 0.31 0.32
HD 87 0.08 0.06 0.07 0.03 0.06 0.03 −0.04 −0.04
HD 6582 0.35 0.36 0.35 0.36 0.35 0.35
HD 6920 0.02 0.05 0.06 0.05 0.09 0.08
HD 22675 0.08 0.07 0.06 0.03
HD 31501 0.28 0.28 0.21 0.21 0.23 0.23
HD 58367 0.23 0.16 0.20 0.09 0.29 0.15
HD 67447 0.13 0.08 0.10 0.03
HD 102870 −0.08 −0.06 −0.10 −0.10
HD 103095 0.42 0.42 0.30 0.30 0.31 0.31
HD 121370 0.02 0.03 0.00 −0.01
HD 148816 0.32 0.35 0.28 0.30 0.28 0.30
HD 177249 0.13 0.10 0.15 0.08
a The H-band spectrum of Arcturus is from Hinkle et al. (1995).
b The H-band spectrum of Arcturus is the 1m + APOGEE one.
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FIG. 2.— Best NLTE (continuous curve) and LTE (dotted curve) fits of the four H-band Mg I lines in comparison with the observed solar spectrum (filled
circles).
departures from LTE need to be considered in the Mg
abundance analysis, especially when only strong lines
are available.
• The NLTE effects in H-band Mg lines are very sensitive
to surface gravity, increasing for lower gravities. There-
fore, they need to be considered for APOGEE since
most of their sample are giant, RGB stars. The correc-
tions are always negative for cool stars, and therefore
LTE Mg abundances will be overestimated.
We conclude that, it is important to consider NLTE effects
in the calculations of H-band Mg lines.
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6TABLE 3
STELLAR MAGNESIUM LTE AND NLTE ABUNDANCES
Star Teff log g [Fe/H] ξt [Mg ILT E /Fe](IR) [Mg INLT E /Fe](IR) ∆IR [Mg ILT E /Fe](OPT) [Mg INLT E /Fe](OPT) ∆OPT
Arcturusa 4275 1.67 −0.58 1.60 0.38±0.01 0.35±0.03 −0.03 0.38±0.07 0.35±0.03 −0.03
Arcturusb 4275 1.67 −0.58 1.60 0.36±0.04 0.32±0.02 −0.04
HD 87 5053 2.71 −0.10 1.35 0.04±0.06 0.02±0.04 −0.02 0.07±0.06 0.06±0.03 −0.01
HD 6582 5390 4.42 −0.81 0.90 0.35±0.00 0.36±0.01 0.01 0.40±0.02 0.41±0.02 0.01
HD 6920 5845 3.45 −0.06 1.40 0.06±0.04 0.06±0.02 0.00 0.06±0.06 0.06±0.07 0.00
HD 22675 4901 2.76 −0.05 1.30 0.07±0.01 0.05±0.03 −0.02 0.08±0.05 0.06±0.03 −0.02
HD 31501c 5320 4.45 −0.40 1.00 0.24±0.04 0.24±0.04 0.00 0.22±0.00 0.22±0.00 0.00
HD 58367 4932 1.79 −0.18 2.00 0.24±0.05 0.13±0.04 −0.11 0.13±0.10 0.08±0.03 −0.05
HD 67447 4933 2.17 −0.05 2.12 0.12±0.02 0.06±0.04 −0.06 0.07±0.04 0.02±0.01 −0.05
HD 102870 6070 4.08 0.20 1.20 −0.09±0.01 −0.08±0.03 0.01 −0.08±0.06 −0.07±0.06 0.01
HD 103095 5085 4.65 −1.35 0.80 0.34±0.07 0.34±0.07 0.00 0.30±0.05 0.30±0.05 0.00
HD 121370 6020 3.80 0.28 1.40 0.01±0.01 0.01±0.03 0.00 0.00±0.04 0.00±0.05 0.00
HD 148816 5830 4.10 −0.73 1.40 0.29±0.02 0.32±0.03 0.03 0.25±0.05 0.27±0.05 0.02
HD 177249 5273 2.66 0.03 1.65 0.14±0.01 0.09±0.01 −0.05 0.07±0.10 0.04±0.05 −0.03
NOTE. — ∆ir and ∆opt stand for the NLTE effects (∆ = logεNLTE − logεLTE) derived from IR and optical spectra respectively.
a The H-band spectrum of Arcturus is from Hinkle et al. (1995).
b The H-band spectrum of Arcturus is the 1m + APOGEE one.
c Only one line is calculated, so the error is zero.
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FIG. 3.— The LTE and NLTE synthetic spectra of Mg I 15748 A˚ line with
the same [Mg/Fe] for HD 58367. The dotted curve is the observed spectrum.
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FIG. 5.— LTE and NLTE synthetic spectra of the Mg I 15765 A˚ line with
different values of [Mg/Fe] and the same parameters of Teff = 5000 K, log g=
0.5 dex, [Fe/H] = 0.0 dex, ξt = 2.0 km s−1. [Mg/Fe] = 0.00, 0.10, 0.22 dex
under LTE respectively, while [Mg/Fe] = 0.00 dex under NLTE.
915739.5 15740.0 15740.5 15741.0 15741.5
Wavelength (Å)
0.4
0.6
0.8
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (Kitt Peak)
Mg I 15740
[Mg/Fe] = 0.35
Mg I
15739.5 15740.0 15740.5 15741.0 15741.5
Wavelength (Å)
0.4
0.6
0.8
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (1m+APOGEE)
Mg I 15740
[Mg/Fe] = 0.35
Mg I
15748.0 15749.0 15750.0
Wavelength (Å)
0.2
0.4
0.6
0.8
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (Kitt Peak)
Mg I 15748
[Mg/Fe] = 0.32
Mg I
15748.0 15749.0 15750.0
Wavelength (Å)
0.2
0.4
0.6
0.8
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (1m+APOGEE)
Mg I 15748
[Mg/Fe] = 0.31
Mg I
15764.0 15764.5 15765.0 15765.5 15766.0 15766.5 15767.0
Wavelength (Å)
0.2
0.4
0.6
0.8
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (Kitt Peak)
Mg I 15765
[Mg/Fe] = 0.32
Mg I
15764.0 15764.5 15765.0 15765.5 15766.0 15766.5 15767.0
Wavelength (Å)
0.2
0.4
0.6
0.8
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (1m+APOGEE)
Mg I 15765
[Mg/Fe] = 0.32
Mg I
15885.0 15886.0 15887.0
Wavelength (Å)
0.6
0.7
0.8
0.9
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (Kitt Peak)
Mg I 15886
[Mg/Fe] = 0.39
Mg I
15885.0 15886.0 15887.0
Wavelength (Å)
0.6
0.7
0.8
0.9
1.0
R
el
at
iv
e 
Fl
ux
 
Arcturus (1m+APOGEE)
Mg I 15886
[Mg/Fe] = 0.32
Mg I
FIG. 6.— The NLTE best fitting profiles (solid line) of the four investigated Mg I lines for Kitt Peak (Hinkle et al. 1995) and 1m+APOGEE observed spectra
(open circles) of Arcturus. The left column for the spectrum of Arcturus from Hinkle et al. (1995) while the right column for the 1m+APOGEE spectrum.
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APPENDIX
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TABLE 4
MAGNESIUM ABUNDANCES RELATIVE TO IRON BASED ON OPTICAL MG I LINES UNDER LTE AND NLTE ANALYSIS
4571 (A˚) 4702 (A˚) 5172 (A˚) 5183 (A˚) 5528 (A˚) 5711 (A˚)
Star LTE NLTE LTE NLTE LTE NLTE LTE NLTE LTE NLTE LTE NLTE
Arcturus 0.37 0.38 0.32 0.33 0.30 0.31 0.43 0.38 0.46 0.34
HD 87 0.02 0.04 0.02 0.03 0.13 0.08 0.11 0.08
HD 6582 0.42 0.42 0.39 0.38 0.40 0.42
HD 6920 0.15 0.16 −0.01 0.00 0.02 0.03 0.06 0.02 0.06 0.10
HD 22675 0.05 0.05 0.03 0.04 0.11 0.07 0.14 0.10
HD 31501 0.22 0.22
HD 58367 0.06 0.08 0.04 0.06 0.25 0.12 0.15 0.08
HD 67447 0.03 0.03 0.11 0.01 0.07 0.02
HD 102870 −0.13 −0.10 0.02 0.03 −0.11 −0.11 −0.13 −0.13 −0.06 −0.09 −0.04 −0.01
HD 103095 0.22 0.22 0.32 0.32 0.32 0.32 0.30 0.30 0.27 0.26 0.36 0.37
HD 121370 −0.03 −0.02 −0.03 −0.03 0.00 −0.02 0.06 0.08
HD 148816 0.21 0.24 0.33 0.35 0.23 0.24 0.19 0.21 0.30 0.30 0.26 0.31
HD 177249 0.00 0.01 0.00 0.01 0.21 0.11 0.07 0.04
